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*Z A NANOSCALE METAL PASTE-DISPERSED USING 
^ jJLTRASONIC METHOD-AS AN ELECTRICAL AND THERMAL 

INTERFACE MATERIAL 

All semiconductor chips have to be fastened or attached to a substrate to function in an 
electronic product. The state-of-the-art technology for interconnecting these chips typically uses 
a lead or lead-free solder alloy or polymeric glues, like epoxy. These materials have poor 
thermal properties to dissipate the heat generated by the chips, poor electrical properties to 
reduce loss of electrical power, and poor robustness for mechanical strength and reliability. 
Furthermore, because of the low melting temperatures of solder alloys and low decomposition 
temperatures of epoxies, they are not suitable for allowing some chips (like SiC or GaN chips) to 
function at high temperatures. This invention involves the development of a metallic material 
that has very fine particles. The material can be applied and processed like a solder paste or 
epoxy. The properties (thermal, electrical, and mechanical) of the joint formed with this new 
material are far superior to those of solder or epoxy. This material has a wide range of 
applications. It can be used to bond silicon integrated-circuit chips in computers, or silicon 
power chips in power suppliers, or optoelectronic chips in telecommunication modules. Also, 
since the metal melts at a temperature over 800°C, it is also suited for attaching semiconductor 
chips that can be operated at high temperatures, e.g., SiC or GaN power chips. The ability to 
allow these chips to operate at high temperatures cuts down their cooling requirement, leading to 
savings in materials and energy in the manufacture and operations of the product. 

In order to fasten electronic components, especially high-temperature devices such as SiC 
to substrates, a connecting layer having good electrical and thermal conductivity and good 
adhesion is fabricated by sintering nanoscale metal paste. Sintering of microscale metal powder 
paste is commonly used in hybrid electronic packages for producing electrical circuit patterns. 
However, the high processing temperatures (>600°C) prevents its used in joining electronic 
components to substrates. The current practice is to use solder that is reflowed at temperatures 
low enough for the devices to withstand. The advantage of low melting temperature becomes a 
liability for solder alloys because they can not meet the requirements of high temperature 
application. Furthermore, solder materials have relatively poor electrical and thermal properties 
and fatigue resistance compared to other metals such as copper and silver, which detrimentally 



affect the performance of the whole electronic system. Sintering nanoscale metal paste is a 

viable solution because it enables the circumvention of the high processing temperature required 

for micrometer-size metal powder. 

The preferred metal is silver because of a combination of low cost (as compared to gold) and the 
amenability of being Tired in ordinary atmosphere. While it is processed at temperatures comparable to that 
of solder reflow, it can withstand subsequent exposure to higher temperature, which solder cannot. The 
general process of microscale metal paste sintering can be directly applied to nanoscale paste with few 
changes. The nanoscale metal powder can be easily prepared using known techniques such as the Carey Lea 
method where the metal ions are rapidly reduced to nanopowder in solution, which is then recovered by 
separating the spent solution from the solids, by such method as centrifuging. Alternatively, it can be 
obtained from a number of commercial vendors at a cost comparable to that of micron-size powder. The 
current practice of applying the metal paste to substrates and surfaces is by screen or stencil printing. In 
order to form the paste, a binder system must be added to the nanopowder and mixed to a consistency that is 
suitable for printing and firing into a solid body with uniform structure. The binder properties (e.g., 
volatilization temperature) must match the sintering kinetics of the nanopowder and the temperature 
limitations imposed by the device being attached. The preferred binder is a low-boiling organic such as 
terpineol, with a boiling point below 220°C that enables unhindered densification of the powder at up to 
300°C. To reduce viscosity, a thinner (such as RV 912 from Heraeus, Inc.) may be added. The total terpineol 
and thinner addition may be up to 20%. Dispersion of the metal in the binder system is aided by immersion 
in an ultrasonic bath using a room-temperature or cold water bath to prevent heating and sintering of the 
metal powder. 

The nanoscale silver paste should possess good screen/stencil printing properties to form the thick 
film. The typical thickness of the film formed by this method is at least 4 micrometers. In order to form a 
good bond, the substrate should be coated with a very thin layer of noble metal (silver or gold), especially 
when firing in ordinary atmosphere, because the paste lacks fluxing agents typically present in solder paste. 
After printing the metal paste on the substrate, the device is placed on top of the print and pushed down 
during the firing process to encourage good bonding through intimate contact. The fastenino process is 
carried out at a temperature of 250°C or higher and for at least 2 minutes until the bond Forms. The 
polymeric materials (binder and thinner) are volatilized prior to the occurrence of rapid coalescence amon* 
the nanoparticles at the higher temperature siage. 



5. What is the existing technology/art to which you are comparing 0 

1. Solder-reflow die-attach technique, 

2. Pressure-assisted sintering of metal paste 

6. How does your INVENTION differ from present technology., what problems does it solve, or what advantages 
does it possess? (This should be written so someone skilled in the art can understand it.) 

The sintered nanoscale silver offers improved electronic component joint (better electrical and thermal 
properties and fatigue resistance) while utilizing existing processing techniques and facilities at a cost 
comparable to those of sintered micron-size metal powder. It can be utilized for joining silicon devices while 
at the same time offering a unique solution for the joining of high-temperature electronk_componerits. 

Traditional silicon device-based electronic systems, which can only operate at temperatures below 125°C, 
cannot meet the requirement of next generation smart electronic system, such as remote actuators, point-of- 
use power supplies, and distributed high power control systems. Silicon carbide (SiC) and other wide-band 
gap semiconductors, such as gallium nitride (GaN) and diamond, are capable of operating efficiently at hiah 
temperatures. Recent studies have shown that SiC devices have favorable switching characteristics and the 
ability to function at elevated temperatures up to 350°C [1-3]. Being able to harness these devices would 
mean simpler and less costly cooling requirements, and improved system reliability. However, 
interconnecting these devices into an electronics circuit is a challenge in itself. The current technology for 
interconnecting power devices typically involves attaching one terminal of the semiconductor die to a°heat- 
sinking substrate with a solder alloy and wire-bonding fine aluminum wires to the other terminal(s). Such an 
interconnect technology is not able to meet the high-temperature application requirement of the wide-band 
gap devices because of the low-melting points of solder alloys. Our invention makes use of the hi 2 her melting 
temperature silver in the form of nanopowder metal paste, which can be processed at low temperature and 
but retains high temperature resistance. 



Pressure-assisted sintering uses commercial silver metal paste to attach the electronic components [4-51 
The metal powder typically has a particle size in the micrometer range. Because of the large particle size a 
high sintering temperature is required (600°C and up) under normal firing conditions. At reduced firing 
temperature, a large pressure is applied on the assembly to assist the sintering process. However the 
application of pressure can be undesirable because of increased difficulty in manufacturing with a 
corresponding increase in the production cost. Applying pressure also increases the likelihood of damage to 
the device during processing. By using metal particles in the nanoscale range, it is possible not only to reduce 
the bonding temperature but also to eliminates the need for high applied pressure. Without the need for high 
applied pressure, it is thus possible to make use of existing hybrid microelectronics processing techniques and 
fabrication equipment and therefore enable mass manufacturing of such components. The nanopowder can 
be easily prepared or purchased directly at a price comparable to that of micron-size powder and mixed with 
commercially available polymer binder of sufficiently low volatilization temperature. Dispersion of the 
powder in the binder can be facilitated by ultrasonic method in conjunction with other mechanical methods 



7. 



If not indicated previously, what are the possible uses and markets of the INTELLECTUAL PROPERTY? In 
addition to immediate applications, are there other uses that might be realized in the future? 



Successful commercialization of the invention will provide solutions that will fill the gap in the 
technological development and application of high-temperature, high-performance, high-reliable electronic 
system and significantly impact the future growth of the trillion-dollar electronics industry. 

Attach sketches, drawings, photographs, and other materials thai may help illustrate the description. Rough art work 
flow sheets, Polaroid photographs, and penciled graphs are satisfactory as Ions as thev tell a clear and 
understandable story. 



1. Nano-metal powder preparation: 

The nano-metal powder can be made by using wet chemical methods wherein the dissolved metal ion is 
converted to metallic form by a hydride-based reducing agent. This method is useful for producing 
nanopart.cles in the 10 to 30 nm range as shown in Fig. 1(a) where silver nanoparticles were obtained using a 
modified Carey Lea process. Fig.1 (b) proves that it is possible to sinter the silver powder at a significantlv 
lower temperature such as 200°C. Alternatively, the powder is available as a commercial product from 
several vendors specializing in nanomaterials production at prices comparable to those of micron-size 
powder. 




1 ~V- .„ ***r. i; ■ - ~ ^7?i'^-r.i 



200nm 




(a) 

Figure 1. Nanosize silver prepared by the Carey Lea method fa) before sintering, and (b) after 
a 2 minute sinter at 200°C. 



2. Nanoscale silver paste preparation: 

The nanoscale silver powder is converted to paste form by the addition of an organic solvent with low boiling 
point (e.g., terpineol) and thinner (e.g., RV 912 from Heraeus). The organics typically comprise up to 20% of 
the mixture. Dispersion of the powder was augmented by ultrasonic means in a cold water bath. 

3. Electronic component attachment: 

Electronic devices (silicon or wide bandgap devices) can be joined to substrates by sintering the nanopowder 
paste to form a solid bond layer between the devices and mounting substrate. Except for the low temperature 
used, it is similar to any other metal paste firing such as those performed for hybrid electronic packages. The 
firing temperature is comparable to solder reflow and only a moderate applied force is necessary to maintain 
intimate contact with the sintering metal powder layer. The nanoscale meta! paste is typically screen or 
stencil printed on the substrate to form the thick film pattern onto which the device is mounted. After device 
placement, the die is pushed down with a moderate force and held in place while sintering takes place at a 
temperature of at least 250°C for 2 minutes or longer as required. The sintering procedure can be carried out 
in a conventional belt oven in a semi-continuous operation or in a box oven/furnace in a batch type operation. 
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Figure 2. Schematic of low-temperature sintering nanoscale silver paste for electrical 
components attachment. 
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( a ) 

Figure 3. (a) Silicon power devices attached to gold-plated direct bond copper (DBC) substrates 
with sintered nano-sized silver, and (b) separated device and substrate to show the silver die- 
attach layer. 
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